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CHAPTER I 
 
 
 
 
INTRODUCTION 
 
 
 
 
1.1 Research Background 
 
 
This study is mainly about general simulation of hydrogen (H2) production 
for fuel cell application using butane as a raw material.  The H2 produced will be 
used in fuel-cell-powered vehicle that is known for its clean and recyclable fuel.  In 
fact H2 is the most abundant element that makes up over 90 percent of the matter of 
universe.  When it is used as fuel, it will only produce water.  It is such a good 
alternative to use H2 as a fuel because of its colourless, odourless and extremely 
flammable gas and also the smallest and simplest member of the family of chemical 
elements compared with other fuel such as hydrocarbons, alcohols, or coals (Kothari 
et al., 2004). 
 
Moreover, no side products are involved in the electrochemical conversions 
of H2 with zero emission of hazardous species for instances volatile organic 
compound (VOCs), nitrogen oxides (NOx) and carbon oxides (CO) (Darwish et al., 
2004).  The main goal of this study is to generate H2 production on-board the vehicle 
from hydrocarbon feedstock.  It is better than having H2 in pressurized vessel or in 
cryogenic state for the reason that safety will be the major concern.  Therefore, on-
board conversion of butane into H2 through an efficient and compact fuel processor 
is the main reason of this study.  
 
 
 
 2
1.2 Problem Statement 
 
 
A simulation of butane reforming is scarce in the recent study for that reason 
a general simulation an optimization study of hydrogen production plant had been 
carried out.  The aims of the study are to study preliminary design parameters for 
fuel cell processor, and investigate the H2 production efficiency by using butane as a 
raw material and to clean carbon monoxide (CO) that produced prior to combustion 
and steam reforming reactions. 
 
 
 
 
1.3 Objective and Scopes of the Study 
 
 
The objective of this study is to develop a general steady-state simulation of 
H2 production plant for fuel cell application using butane as the feedstock.  In order 
to achieve the objective, scopes as shown below have been planned.   
 
i. Stoichiometry mathematical calculation by using overall reaction to 
calculate inputs and outputs flow rate for fuel processor. 
 
ii. Base case steady-state simulation was conducted in a selected simulator.  In 
this scope, the data and reactions occurred in the autothermal reforming 
(ATR) reactor was set. 
 
iii. Base case simulation validation was carried out.  The purpose of this scope 
was to certify the overall reactions of ATR by distinguishing between 
calculated outputs composition and steady-state simulation outputs 
composition. 
 
iv. Heat integration process was made to heat up the raw material to 100oC 
before entering the ATR reactor.  The design of heat integration could also 
minimize the heating requirement. 
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v. CO clean-up processes which contains water gas shift (WGS) and 
preferential oxidation (PrOx) reactors. 
 
vi. Plant wide optimization where high H2 generation as well as low CO 
concentration is needed for better hydrogen processor efficiency.  
 
 
 
 
1.4 Thesis Organization 
 
 
This thesis consists of 6 chapters.  In Chapter 1, the introduction of the study 
is briefly discussed.  While in Chapter 2 literature reviews from various sources are 
deeply understood to provide correct information prior to the simulation basis.  Next 
is chapter 3 where the methodology of carrying the study is explained briefly.  In 
addition to Chapter 3, Chapter 4 has more information about the study’s 
requirements.  Chapter 5 has the results and discussion of the simulation that indicate 
how the scopes of the study are achieved.  To summarize this study, Chapter 6 was 
done to conclude the study and some recommendations were made.  
